Aim To evaluate the long-term results and prognostic factors of intravitreal bevacizumab (IVB) for myopic choroidal neovascularisation (mCNV). Methods Thirty-two eyes of 30 patients with mCNV were included in a prospective case series. Treatment consisted of three monthly 1.25 mg IVB injections. Best corrected visual acuity (BCVA) and CNV area were compared before and after treatment. Prognostic factors included in the regression analyses were age, axial length, baseline BCVA, pretreatment CNV area, CNV location and peripapillary atrophy area. Results Results were evaluated at 2 years for 32 eyes and at 3 years for 27 eyes. Mean (6SD) baseline BCVA had improved significantly from 30.1 (615.6) letters to 45.4 (613.0) letters at 3 years (p<0.0001), with a better outcome in eyes with juxtafoveal CNV (40.4 ± 13.5 vs. 54.0 ± 5.8, p¼0.001). Baseline BCVA correlated positively with final BCVA (b[ 0.560, p=0.001), while age showed a negative correlation (b[ L0.399, p¼0.01). CNV area decreased from 0.63 (60.71) mm 2 at baseline to 0.40 (60.57) mm 2 at 3 years (p<0.0001). Peripapillary atrophy area was the only significant contributing determinant for re-treatment (OR 1.20, 95% CI 1.01 to 1.42, p¼0.04). Conclusions A regimen of three monthly IVB injections yielded effective and sustained results in the treatment of mCNV at 3 years of follow-up. Initial BCVA and age were the factors that correlated independently with BCVA outcome.
INTRODUCTION
Over recent years, intravitreal injection of antivascular endothelial growths factors (anti-VEGFs) has become a valid treatment option for the management of myopic choroidal neovascularisation (mCNV). It has been demonstrated that anti-VEGF injection is more effective for mCNV than photodynamic therapy (PDT) with verteporfin. 1e3 Both ranibizumab and bevacizumab have produced favourable short-term outcomes in mCNV without any serious ocular or systemic complications. 4e9 However, in a few recent studies on the 2-year visual outcome of anti-VEGFs, the results are conflicting: visual improvement was maintained in some studies, 10e13 while others reported a decline. 14e16 However, the majority of these studies were retrospective and the sample size relatively small. Furthermore, there were differences in the baseline characteristics of the patients (CNV duration and site, baseline best corrected visual acuity (BCVA), previous treat ment, patients' age) and the treatment regimen.
The purpose of this prospective study was to evaluate the long-term outcomes of intravitreal bevacizumab (IVB) treatment for mCNV. The factors predictive of both visual and anatomical outcome and the need for re-treatment were also investigated.
METHODS
This was a prospective, interventional study on 32 eyes of 30 consecutive Caucasian patients with mCNV who were treated with IVB between March 2006 and October 2008. The findings in some of these patients have previously been published. 7 11 The study protocol was approved by the local ethics committee of the Sapienza University of Rome and adhered to the tenets of the Declaration of Helsinki. All participants gave written informed consent. Patients were also reminded of the off-label use of IVB.
Inclusion criteria were: (1) pathological myopia (PM) defined as a spherical equivalent >À6.0 diopters or axial length (IOLMaster, version 4.07; Carl Zeiss Meditec, Dublin, California, USA) >26.5 mm; (2) subfoveal or juxtafoveal CNV (CNV was classified as juxtafoveal if the lesion was <200 mm but not under the geometric centre of the foveal avascular zone); and (3) evidence of leakage from CNV on fluorescein angiography (FA). Patients were excluded if they had: (1) prior treatment for CNV; (2) any ocular disease that could affect BCVA; (3) a history of intraocular surgery except for phacoemulsification performed within the preceding 6 months; (4) pregnancy; and (5) any systemic condition contraindicating the use of anti-VEGFs.
Before and after treatment, all patients were given a complete ophthalmic examination including BCVA measurement, optical coherence tomography (OCT), fundus photography, and digital FA. BCVA was measured using the Early Treatment Diabetic Retinopathy Study (ETDRS) chart at 4 m distance. OCTwas performed with the high-resolution six-radial line protocol centred on the fovea using the Stratus OCT (version 4.01; Carl Zeiss Meditec) or the Spectralis OCT (version 5.1.3.0; Heidelberg Engineering, Heidelberg, Germany) to evaluate the presence of intraretinal or subretinal fluid. Leakage from the CNV was evaluated on FA (TRC 50-LX; Topcon, Tokyo, Japan). The leakage was compared before and after treatment and was described as absent (CNV closure) or persistent. Recurrence was defined as evidence of leakage from a previously closed CNV. The area of CNV and peripapillary choroidal atrophy was measured in the early-phase FA images (within 1 min of dye injection), using the embedded software of the ImageNet 2000.
Patients were scheduled for a loading dose of three monthly IVB injections (1.25 mg/0.05 ml) according to the standard protocol described in our previous article. 7 Re-treatment with a single bevacizumab injection was performed according to any of the following criteria: (1) evidence of persistent or recurrent leakage on FA; (2) persistent or recurrent intraretinal or subretinal fluid on OCT; (3) new subretinal haemorrhage from the mCNV. Monthly additional injections were performed until absence of fluorescein leakage from the CNV and absence of any fluid collections on OCT were obtained.
Follow-up examinations were scheduled monthly during the first 2 years and every 3 months thereafter. FA was scheduled every 3 months during the first year and every 6 months thereafter. Additional FA was performed whenever a recurrence or persistence of CNV was suspected.
Statistical analysis
Continuous variables were compared using the paired or unpaired t test as appropriate. Levene's test was used to verify variance homogeneity. Categorical variables were compared using Fisher 's exact test. Forward stepwise linear regression analysis was performed to investigate the pretreatment factors predictive of BCVA outcome and CNV area after treatment. Forward stepwise logistic regression analysis was performed to evaluate the contribution of each pretreatment factor to the need for additional injections. The potential prognostic factors included in these analyses were age (years), axial length (mm), baseline BCVA (number of ETDRS letters), pretreatment CNV area (mm 2 ), pretreatment CNV location (subfoveal/juxtafoveal) and peripapillary atrophy area (mm 2 ). p Values <0.05 were considered significant.
RESULTS
The 2-year follow-up was completed for 32 eyes of 30 patients, and the 3-year follow-up for 27 eyes of 26 patients. Four patients (five eyes) dropped out after the second year: two patients cited personal reasons and two had difficulty in reaching the hospital because of the distance. Baseline characteristics of the patients are summarised in table 1.
All CNVs were classic on FA. Mean baseline BCVA in the 18 eyes with subfoveal CNV was significantly worse than in the 14 eyes with juxtafoveal CNV (p<0.0001). Eyes with subfoveal CNV had significantly greater CNV (p¼0.008) and longer duration of symptoms (p¼0.02).
Compared with baseline, BCVA had improved significantly at all time points (p<0.0001). Mean (6SD) baseline BCVA was 30.1 (615.6) ETDRS letters. After treatment, it was 46.6 (612.4) letters at 2 years (32 eyes) and 45.4 (613.0) letters at 3 years (27 eyes). Although, the greatest improvement in BCVA was seen within the first 3 months (p<0.0001), visual acuity continued to improve significantly until 12 months (p<0.0001) and stabilised thereafter (p>0.05). Visual results over time are shown in table 2.
Forward stepwise linear regression analysis showed that, among the pretreatment variables, initial BCVA and age were the factors that independently correlated with BCVA outcome (table 3) . For every 1-letter increase in baseline BCVA, there was a mean increase in final BCVA of 0.51 letters, while for each 1-year increase in baseline patient age, there was a mean decrease in final BCVA of 0.39 letters.
At 2 years, 23 eyes (71.9%) had gained at least 10 letters and 20 eyes (62.5%) had gained 15 letters or more. One (3.1%) eye had lost 15 letters. At 3 years, 21 eyes (77.8%) had gained at least The mean number of anti-VEGF injections was 4.1 (61.7), 1.1 (61.9) and 0.5 (61.0) at 1, 2 and 3 years, respectively. Fifteen (46.9%) of the 32 treated eyes received only the loading dose of three IVB injections. Forward stepwise logistic regression analysis showed that peripapillary atrophy area was the only significant contributing determinant to the need for additional injections (OR 1.24, 95% CI 1.04 to 1.48, p¼ 0.02 at 2 years; OR 1.20, 95% CI 1.01 to 1.42, p¼ 0.04 at 3 years).
There were no serious adverse systemic or ocular events, such as endophthalmitis, retinal detachment, cataract or glaucoma, during the follow-up period.
Subgroup analysis of subfoveal versus juxtafoveal CNV
In eyes with subfoveal CNV, BCVA had improved from 21.4 (610.3) to 41.7 (613.1) letters at 2 years (p<0.0001) and to 40.4 (613.5) letters at 3 years (p<0.0001). Similarly, in eyes with juxtafoveal CNV, BCVA had improved from 41.3 (614.2) to 52.9 (68.2) letters at 2 years (p¼0.01) and to 54.0 (65.8) letters at 3 years (p¼0.02). BCVA in juxtafoveal CNV was significantly better than in subfoveal CNV after treatment (p¼0.006 at 2 years and p¼0.001 at 3 years), while BCVA gain tended to be higher in subfoveal than in juxtafoveal CNV (p¼0.04 and p¼0.2 at 2 and 3 years, respectively). In eyes with subfoveal CNV, mean CNV area had decreased from 0.88 (60.84) to 0.45 (60.59) mm 2 at 2 years (p<0.0001) and to 0.54 (60.68) mm 2 at 3 years (p<0.0001). Similarly, in eyes with juxtafoveal lesions, mean CNV area had decreased from 0.28 (60.16) to 0.16 (60.13) mm 2 at 2 years (p¼0.002) and to 0.18 (60.15) mm 2 at 3 years (p¼0.03). Although the difference was marginally significant, the post-treatment mean CNV area in juxtafoveal CNV tended to be smaller than in subfoveal CNV (p¼0.05 at 2 years and p¼0.05 at 3 years). No significant difference was found in the mean number of injections between subfoveal and juxtafoveal CNV (p¼0.4 and p¼0.9 at 2 and 3 years, respectively). Results of subgroup analysis are shown in table 5.
DISCUSSION
In this prospective study, our results showed that IVB therapy significantly improved BCVA in mCNV for up to 3 years of follow-up. Pretreatment BCVA was the most important prognostic factor positively affecting long-term BCVA. Thus patients with better BCVA at baseline also had better BCVA after treatment. In addition, regression analysis showed that baseline BCVA correlated negatively with BCVA change after treatment. Therefore patients with higher BCVA at baseline had less BCVA gain after treatment. This may be due to the so-called 'ceilingefloor effect'dthat is, patients with higher pre-treatment BCVA have a smaller chance of improvement. This should be kept in mind so that IVB is not considered less effective in patients with better baseline BCVA. Overall, the visual results of the current series are consistent with those of a retrospective study by Nakanishi et al, who reported significant BCVA improvement which was sustained for 2 years in 23 treatmentnaïve eyes with mCNV treated with IVB and, as in our evaluation of visual results, took into consideration the ceilingefloor effect. 13 In the literature, the long-term outcomes of IVB in the treatment of mCNV are conflicting, and there are some studies that report a decline of visual improvement during the second year after treatment. Ruiz-Moreno et al prospectively examined the 2-year results of 19 eyes with mCNV treated with three loading IVB injections. BCVA was significantly improved at 1 year but the significance of the improvement was not maintained at 2 years. However, eight (42%) of the 19 treated eyes had received previous PDT before IVB treatment, and the subgroup analysis showed a better visual outcome in treatmentnaïve eyes. 15 Indeed, earlier studies reported that previous PDT may worsen the prognosis of mCNV treated by IVB. 4 17 This may explain the increased efficacy of IVB therapy obtained in our study where treatment-naïve eyes only were investigated. Ikuno et al in a retrospective case series reported the 2-year results of 11 treatment-naïve eyes after IVB injection for mCNV. BCVA was significantly improved at 1 year, but the significance was not maintained at 2 years. However, this study examined only women with a mean age of 67.866.2 years.
14 It is known that, without treatment, older patients with mCNV have a worse visual prognosis than younger patients. 18 19 It has also been demonstrated that older patients with mCNV have worse visual outcome than younger patients after PDT. 20 This suggests that the results of Ikuno et al may have been influenced by the older age of the recruited patients. In our results, the regression analysis showed that age at onset was a negative prognostic factor significantly affecting both BCVA outcome and BCVA change after treatment.
In our study, BCVA had significantly improved after treatment in both subfoveal and juxtafoveal CNV. In a recent prospective study, Hayashi et al reported a significant BCVA improvement for up to 2 years in 75 treatment-naïve eyes after IVB injection. However, in contrast with our findings, subgroup analysis revealed that BCVA improved significantly only in non-subfoveal CNV, while there was no significant improvement in subfoveal lesions. 21 The design of the study by Hayashi et al was based on a single dose of IVB administered at baseline followed by pro re nata treatment, whereas the design of our study was based on a treatment regimen of three loading doses of bevacizumab followed by pro re nata treatment. This suggests that a more aggressive initial approach may improve visual prognosis even in subfoveal mCNV. Indeed, RuizMoreno et al, prospectively comparing the two treatment regimens (three loading doses vs a single dose of bevacizumab) in 39 eyes with mCNV, showed a significantly higher recurrence rate in the group treated with a single IVB injection. 22 mCNV may show latent activity, which is not always easily detected. Angiographic leakage is sometimes masked by deep atrophy and/or pigment clumping, and even the more recent Fourier-domain OCTs may not be accurate enough to detect subtle signs. Thus we may be undertreating this condition. An induction phase consisting of three monthly injections may increase the chances of complete inactivation of CNV, thus improving visual prognosis.
Our anatomical results showed an absence of leakage from CNV in all eyes at 3 years. IVB injection induced a significant decrease in CNV area. In a comparative study, Hayashi et al demonstrated that CNV closure in IVB-treated eyes was accompanied by significant shrinkage of CNV, whereas the CNV area did not decrease, or even increased, in PDT-treated eyes. 1 This shrinkage may, to some extent, explain the better visual prognosis of IVB-treated eyes.
Finally, we evaluated the prognostic factors associated with the need for re-treatment, and peripapillary atrophy area was the most important factor. This is intriguing. Yasuzumi et al evaluated peripapillary crescent enlargement in PM. They concluded that progression of choroidal circulatory disturbances may contribute to crescent enlargement in these eyes. 23 Thus it could be speculated that peripapillary atrophy size may be related to the degree of choroidal ischaemia in PM. Choroidal ischaemia is known to induce growth factor release (namely, VEGF), which in turn may increase CNV activity and decrease CNV response to IVB treatment. 
